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Introduction
The geologic setting of the Midnite mine (Becraft and Weis, 1963 ) is seemingly simple, but geologic features within 2 km of the mine indicate a complexity greater than previously recognized. o An area of about 12 km has been mapped at scales from 1:600 to 1:12,000 and is presented here to provide more geologic description, along with some interpretation, to assist others in developing their own interpretation of the mine's setting. The Midnite mine is on the Spokane Indian Reservation, Stevens County, Washington, about 65 km northwest of Spokane ( fig. 1 ). It is tn the Turtle Lake 15-minute quadrangle, the geology of which was mapped at 1:62,500
by Becraft and Weis (1963) Control for the map (plate 1) ranges from excellent to fair.
Many locations could be referred to survey points of Dawn Mining
Co., and most field locations could be spotted reliably on excellent l:12,000-scale color photographs. Many section, quarter, and eighth-section corners could be recovered in the field and plotted on the photos, but some corners are not marked. Geology and selected topographic and cultural features were compiled from the photos on a Kern PG-2-' stereo plotter. There are no survey points of brand names in this report is for descriptive purposes only and in no way constitutes endorsement by U.S. Geological
Survey.
on the ridge west of the mine in section 11. Because the only topographic map in existence is the 1948 Turtle Lake quadrangle at 1:62,500, that topography is shown on plate 1 to give some topographic sense but it is not the base used for mapping.
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Calcareous rocks have been transformed to a great variety of hornfelsic rocks with differing mineralogy. Lithologic description, in a stratigraphic sense, of four drill holes is included (table 1) because these rocks have been poorly described in earlier reports.
Fine-grained, pale green to gray-green rocks, in which diopside, quartz, and epidote are major minerals, are most common of the calc-silicate hornfelses. Calcite is commonly not present, hence, (Becraft and Weis, 1963) , and now considered to be part of the Eocene Sandpoil Volcanics and dated at 51 m.y. (Pearson and Obradovich, 1977) .
Structure and Stratigraphy
Structure in the mine area is probably greatly oversimplified on plate 1. Poor exposures are part of the problem, but an even greater limitation is lack of stratigraphic units within the Togo Formation.
Calcareous rocks, chiefly calc-silicate hornfels and marble, are much more common in the Togo than published descriptions would suggest. A thick block of calc-silicate rocks east of the mine (plate 1) is a distinctive unit that serves as a helpful marker.
Argil!ite and phyllite of the Togo Formation have been correlated with the upper part of Wallace Formation of the Belt Supergroup by Miller and Clark (1975, p. 19-22) . If the calcareous rocks described here are indeed lower in the section, then they would correlate excellently with carbonate-rich quartzite and siltites of the Lower Wallace Formation. This correlation would give additional support to the regional correlation proposed by Miller and Clark (1975) , who were not aware of the calcareous section east of the mine.
Stratigraphy of the Togo Formation. The oldest rocks in the
Deer Trail Group exposed in southern Stevens County are those of the Togo Formation, named for good exposures near the Togo mine about 12 km north of the Midnite mine (Campbell and Loofbourow, 1962) .
Lithology of the Togo is typically massive dark argillite, phyllite, or muscovite schist, depending upon degree of metamorphism, but quartzite and carbonate units occur also. Outcrops of phyllite are generally poor and structures difficult to detect. Becraft and Weis (1963) estimated total thickness to be about 6,100 m based on outcrop width. However, Miller and Clark (1975, p. 19) . This is clearly more than a "local discontinuous lens of dolomitic marble" as described by Becraft and Weis (1963; p. 7 , their plate 1). It needs to be recognized as a distinctive composition in regional stratigraphy,
The author favors correlating the calcareous rocks with the lower Wallace Formation. This requires that it is older than the pelitic Togo section to the west, and there is permissive evidence for this. A more complex alternative is that the calcareous rocks were technically emplaced and correlate with younger dolomites in the Deer Trail Group. The evidence for this is not strong as the bedding plane faults exposed near the mine do not appear to be major structures. This possibility will not be considered further.
According to the regional geology of Becraft and Weis (1963) , rocks in the mine area are on the overturned west limb of the broad Deer Trail anticline. By this interpretation the calcareous rocks would be older than the pelitic to the west. However, structure is probably more complex than presently mapped and comparable to the more tightly folded and faulted geology known in adjacent areas CCampbell and Raup, 1964; Miller and Clark, 1975) . Although not abundant, local drag folds in the mine area are evidence for at least a local anticlinal axis to the west of the mine; and, hence, the eastward-dipping beds in the mine area might not be overturned.
Because the upper Togo quartzite is not recognized in the eastern part of the Turtle Lake quadrangle, it does seem most likely that Textural and compositional variations can be applied to interpretation of magmatic-postmagmatic conditions that bear on possible hydrothermal emplacement of uranium, and to distinguishing thick dikes from the main pluton during drilling. Granitic rocks that are leucocratic, relatively equigranular, and do not contain many schlleren or xenollths probably are dikes. However, drill holes penetrating rocks with textures and mineralogy suggestive of dikes should be deepened in an attempt to reach underlying metasediments that could be mineralized. Because ore has not been found in the pluton, except for small pockets at the contact, and from knowledge that uranium 1s generally richest just above the main pluton (Nash and Lehrman, 1975) , it 1s important that exploration drilling penetrate the pluton but not be wasted within it.
Structural and textural aspects of the porphyritic quartz monzonite are generally suggestive of emplacement of a crustal level of about 6 to 8 km according to characteristics of mesozonal and transitional epizonal-mesozonal plutons (Buddington, 1959 Also, muscovite is stable only at water pressures greater than about 2 kilobars, unless stabilized by lithium or fluorine (Wones, 1967) .
In addition, pressure has a strong influence in the solubility of water in magmas, and the timing of vapor release from a crystallizing magma (Whitney, 1975) . In a later section I speculate on the separation of a uranium-bearing hydrothermal fluid that could have carried uranium outward into the metasedimentary wall rocks.
Geometry of intrusive contact,--Geometry of the intrusive contact of porphyritic quartz monzonite with metasediments is important as an ore control in uranium deposits of the Midnite mine (Nash and Lehrman, 1975) . Geologic maps and sections in that report show (1) deposits are adjacent to steeply dipping ribs of quartz monzonite; (2) deposits are localized above subhorizontal and locally depressed portions of the contact, and (3) thicker ore zones tend to be in and above depressions in the contact. A map of mineralization thickness plotted on a detailed structure contour map of the upper surface of porphyritic quartz monzonite (the intrusive contact) (Nash and Lehrman, 1975, fig. 7 ) gives particularly impressive descriptive information on ore controls, Away from the mine area the contact between intrusive and metamorphic rocks can generally be located quite reliably from rounded outcrops and isolated boulders of quartz monzonite, and change in soil types. On heavily wooded northern slopes with thick soil and felsenmeer cover on the order of 5 to 10 m thick a hand-carried magnetometer can be used to locate the contact within about 10 m by the higher magnetic susceptibility of the granitic rocks. However, it is almost always impossible to judge the dip of the contact a matter of concern to those attempting to drill to the contact. Drill holes shown on plate 2 provide data for estimating dips and shape of the contact. I thank Dawn Mining Co. This reconstruction indicates that the uranium deposits were very close to the surface in Eocene time, and oxidizing surficial water could have entered permeable zones to emplace new uranium, to supplement that probably already there, or to secondarily enrich pre-existing uranium deposits . Also, this reconstruction indicates that the area has been very stable and topography only slightly modified since the Eocene an interpretation that has important implications to the enrichment and preservation of uranium deposits. The evolution of an aqueous fluid phase from a magma during intrusion has been discussed by Whitney (1975) Secondly, the apparent lack of oxidation of iron sulfides, which is contrary to what would be expected if they had acted as reductants, may not be a problem considering the small amount of uranium involved and the possibility that the iron phases could have later been resulfidized to form the observed fine-grained pyrite and marcasite. The uranium in the low-grade protore is believed to have later been leached and redeposited in permeable zones to create zones in the range 0.05 to about 3 percent that make ore (Nash and Lehrman, 1975; .
Tests of this hypothesis are ambiguous if traditional criteria for hydrothermal processes (e.g., Meyer and Hemley, 1967) are applied. Criteria such as patterns of hydrothermal alteration, alteration assemblages, and vein structure and mineralogy are generally based on field experience and experiments on base-metal sulfide deposits. If these criteria are applied to the pluton and wall rocks at the Midnite mine, the inferences are negative. However, there is fluid-inclusion and mineralogical evidence that fluids released from the porphyritic quartz monzonite were not rich in chloride and sulfur, hence would not have the chemistry that produces the hydrogen metasomatism that characterizes alteration in base metal deposits (Meyer and Hemley, 1967) . Further, the lack of veins in the pluton and wall rocks does not necessarily preclude hydrothermal activity. I speculate that post-magmatic hydrothermal fluids moved outward from the pluton by diffusion rather than by flow along faults that would become filled with vein-forming minerals A corollary to this speculative hypothesis is that the low-grade uranium protore might be anticipated adjacent to zones of the pluton showing unusual textural irregularity or pre-intrusion faults.
Pre-intrusion faults (allowing release of volatiles from the magma) may be the explanation of some zones of the aplite and pegmatite (see Miller and Clark, 1975, p. 45) . Also, the great irregularity in the intrusive contact well known in the Midnite open pits, described earlier, might have played a role in initial uranium emplacement (or might have been more important in later enrichment); these contacts might reflect pre-intrusion faults. Features such as aplite and pegmatite zones, pre-intrusion faults, and irregularities in intrusive contacts, to the extent that they can be recognized, may serve as a general field guide to locating uranium mineralization in nearby metasedimentary rocks. Also, presence of carbonate rocks may be important as a source of COg for uraniumcarbonate complexes.
Supergene emplacement of uranium.---A third possible way to emplace uranium is by supergene processes that could leach uranium from the porphyritic quartz monzonite and transport it to sites of deposition as oxidized and reduced uranium minerals. By the Eocene the mine area had been exhumed and during the Miocene(?) excelsior weathering period deep weathering created clay deposits from granitic rocks (Hosterman.and others, 1960) . Vertical profiles in the porphyritic quartz monzonite demonstrate that more than 50 percent of original whole rock uranium has been leached, presumably during the Late Tertiary. Although the gross geometry of ore zones and the lack of hydrothermal alteration associated with uranium (Nash and Lehrman, 1975 ) might be considered as evidence for supergene emplacement, several finds of evidence negate the supergene mechanism. Existing Pb-U dates on pitchblende are clearly too old for supergene processes to have been operative, and pitchblende ores are fragmented by a fault zone filled by an Eocene dacite dike. Also, a limiting aspect seems to be the amount of the pluton with hydrologic position that would permit ground water transport of leached uranium into the ore zones. Using data from 3 plate 2, I estimate that only about 0.2 to 0.3 km of porphyritic quartz monzonite had appropriate vertical position relative to the uranium deposits. This volume of source rock contains enough uranium to form the ore deposits, but to collect the amount of epigenetic uranium in the mine area (ore plus mineralization grading down to about 10 ppm) would require essentially 100 percent efficiency in leaching, transport, and redeposition. Supergene processes may have added uranium to rocks previously mineralized by Cretaceous metasomatism, and were important in secondary enrichment.
